Objective. To conduct an empirical test of the relationship between physician supply and hospitalization for ambulatory care sensitive conditions (ACSH). Data Sources/Study Setting. A data set of county ACSH rates compiled by the Safety Net Monitoring Initiative of the Agency for Healthcare Research and Quality (AHRQ). The analytical data set consists of 642 urban counties and 306 rural counties. We supplemented the AHRQ data with data from the Area Resource File and the Environmental Protection Agency. Study Design. Ordinary least squares regression estimated ACSH predictors. Physician supply, the independent variable of interest in this analysis, was measured as a continuous variable (MDs/100,000). Urban and rural areas were modeled separately. Separate models were estimated for ages 0-17, 18-39, and 40-64. Data Extraction Methods. Data were limited to 20 states having more than 50 percent of counties with nonmissing data. Principal Findings. In the urban models for ages 0-17, standardized estimates indicate that, among the measured covariates in our model, physician supply has the largest negative adjusted relationship with ACSH ( po.0001). For ages 18-39 and 40-64, physician supply has the second largest negative adjusted relationship with ACSH ( po.0001, both age groups). Physician supply was not associated with ACSH in rural areas. Conclusions. Physician supply is positively associated with the overall performance of the primary health care system in a large sample of urban counties of the United States.
Better knowledge of relationships between physician supply and access can usefully inform policy. Yet, surprisingly few studies examine these relationships. We extend research in this area by investigating the association between physician supply and ACSH, using data representing most counties of 20 U.S. states. Our expectation is that physician supply will be negatively associated with ACSH. We also extend ACSH research by controlling for characteristics that may be associated with ACSH, such as air quality and disease prevalence.
BACKGROUND
The ACSH indicator has contributed usefully to knowledge about the accessibility and overall performance of primary health care (Weissman, Gatsonis, and Epstein 1992; Billings et al. 1993; Bindman et al. 1995; Pappas et al. 1997; Laditka 2003; Laditka, Laditka, and Mastanduno 2003) . The indicator informs federal health policy, and that of many states (e.g., Schreiber and Zielinski 1997; Ricketts et al. 2001) . Asthma, diabetes, chronic obstructive pulmonary disease (COPD), and congestive heart failure (CHF) exemplify chronic ambulatory care sensitive conditions (ACSCs). Pharmaceuticals and patient education from primary care physicians can reduce, although not eliminate, hospitalization for these conditions. Bacterial pneumonia and urinary tract infections exemplify acute ACSCs. Unless they progress to serious complications, such conditions are in most cases easily treated with antibiotics without hospitalization. Thus, a higher rate of ACSH in an area suggests the possibility of lower accessibility or quality in the area's primary health care system.
Only five studies have examined the relationship between physician supply and ACSH. Four of these studies used continuous physician supply measures, with conflicting results. Two found no association (Krakauer et al. 1996; Ricketts et al. 2001) , one a positive association (Schreiber and Zielinski 1997) , and the fourth the expected negative association (Parchman and Culler 1994) . A fifth study examined effects of quartile measures of physician supply using data representative of U.S. urban areas, finding that older individuals residing in areas with low supply had higher ACSH risk, and that those in areas having what might be termed ''adequate supply'' had significantly lower risk (Laditka 2004 ). Higher ACSH rates have also been found for Medicare beneficiaries residing in rural areas or core standard metropolitan statistical areas (Culler, Parchman, and Przybylski 1998) . Komaromy et al. (1996) found that, although physician practice style varied across areas, this variation did not account for variation in hospital admission rates for several ACSCs. Variation across areas may also stem from patient preferences about health care use, or from differing disease rates or severity (Komaromy et al. 1996) .
Drawing on ACSH theory and the empirical results just described, we test the hypothesis that higher levels of primary care physician supply will be associated with lower ACSH rates. We model the risks for rural and urban counties separately, as rural and urban areas differ in demographic characteristics, environment, economic conditions, insurance coverage, and social structure (Eberhardt, Ingram, and Makuc 2001) , and have different primary care access barriers (Coburn 2002) . Research has shown notable ACSH risk variation among age groups (Laditka and Johnston 1999; Laditka, Laditka, and Mastanduno 2003) . Thus, we estimated separate models for children (0-17), younger adults (18-39), and middle age adults (40-64).
METHODS

Population and Data Sources
Our principal data source was a set of county ACSH rates from the Safety Net Monitoring Initiative of the Agency for Healthcare Research and Quality (AHRQ) (Billings and Weinick 2003b) . The rates were compiled primarily from the 1999 Nationwide Inpatient Sample (NIS), part of the Health Care Cost and Utilization Project, and represent counties of 29 states and the District of Columbia. Rates were not reported for counties with small populations, or for those with no hospital. To minimize bias, we restricted our analysis to 20 states with data for more than 50 percent of each state's counties. Our analytical data set has 642 urban counties, and 306 rural counties. Rural was defined using the rural indicator variable supplied with the AHRQ data. This definition includes small cities of 20,000 or more, not adjacent to metropolitan areas, and areas with less population. States included in our analysis are shown in Table 1 . The table shows the proportion of each state's counties that were useable for the analysis, and the proportion of the full sample constituted by the state's useable counties. Included states represent major sections of the Northeast and mid-Atlantic regions, and the West coast. We supplemented the AHRQ data with data from the Area Resource File (ARF) and the Environmental Protection Agency (EPA).
Dependent Variable
We used county ACSH rates. The AHRQ rates were not adjusted for county race or ethnicity characteristics, or for other factors. We adjusted for such factors in the regressions. Diagnoses identifying ACSHs closely follow those published elsewhere (Institute of Medicine 1993; Laditka 2003; Billings and Weinick 2003a) . ACSCs included are specific diagnoses for angina, asthma, bacterial pneumonia, cellulitis (excluding most surgical procedures), convulsions, COPD, CHF, diabetes, gastroenteritis, hypertension, hypoglycemia, severe ear/nose/throat infections, and several combinations of skin grafts with cellulitis and specific procedure codes.
Conceptual Model and Variable Coding
Our models are based on a theory of health services need and use at the level of county populations. We assume that need and use are functions of each county's health system characteristics, demographic characteristics, social and economic characteristics, environmental quality, and population health. Table  2 lists all variables and their data sources. All variables in the analysis are measured at the county level.
Health System and Use Characteristics. These measures control for area characteristics that may influence primary care access and hospitalization risks independent of the aggregated risks of individuals. Hospital bed supply is often correlated with physician supply. However, it is generally expected that the risk of hospitalization will rise throughout the range of bed supply (Fisher et al. 1994) . Physician supply, on the other hand, should generally be negatively associated with ACSH. Physician supply was measured as a continuous variable, representing primary care physicians in office-based practice per 100,000 populations. The primary care physician category includes nonfederal doctors of medicine (MDs) and doctors of osteopathy (DOs) providing direct patient care, who practice principally in general or family practice, general internal medicine, or pediatrics. Physicians engaged solely in administration, research, and teaching were excluded. Physicians may be in solo practice, group practice, two-physician practice, or other patient care employment. It should be noted that the office-based practice category does not include physicians employed under contract with hospitals to provide direct patient care if they are not also engaged in officebased practice. In some areas, physicians in hospital-based practice provide considerable primary care. However, available data on physicians in hospital-based practice do not permit researchers to distinguish physicians who are primarily engaged in outpatient care in clinics or emergency departments (EDs) from the much larger number of hospital-based physicians who provide direct patient care for admitted patients. Thus, the office-based category provides the best available measure of primary care physician supply. Medicaid expenditures per person under age 65 whose income is below 200 percent of the poverty threshold are included to control for public support for health care for poorer people. We label this covariate ''Medicaid generosity.'' It is not a measure of total county Medicaid expenditures. All things being equal, counties with more wealth or higher income can afford greater Medicaid generosity. Medicaid generosity may also be related to political cultures and social environments. Thus, we do not expect that this measure should be notably correlated with measures of income. Greater support levels should be associated with lower ACSH risk. Areas with community health centers should have improved access to care, and lower ACSH risk (Garg et al. 2003) . Programs to improve the accessibility and quality of primary care have notably reduced ED visits (Hurley, Freund, and Taylor 1989; Grossman, Rich, and Johnson 1998; Zuckerman, Brennan, and Yemane 2002) . Results of such programs suggest that areas with high levels of ED visits may have less access to primary care, and therefore poorer population health. Thus, greater ED use should be associated with higher ACSH rates. Investor ownership provides incentives to promote hospital occupancy, and should increase ACSH.
Demographic Characteristics. Demographic characteristics of county populations are associated with both health needs and propensity to use health care. We controlled for factors associated with race and ethnicity by including separate covariates for the percentage of each county's residents identifying themselves as African-American, Hispanic, Native-American, or Asian. Much evidence suggests that African Americans are less likely than many other groups to receive appropriate medications and education about management of chronic diseases (Institute of Medicine 2002). Previous ACSH research has generally found that African Americans have higher ACSH risks (Schreiber and Zielinski 1997; Culler, Parchman, and Przybylski 1998; Ricketts et al. 2001; Garg et al. 2003; Laditka 2003; Laditka, Laditka, and Mastanduno 2003) . Culture and language pose additional barriers for Hispanics and other American minorities (Collins et al. 2002) . These factors may often make it difficult for minorities to establish trusting relationships with primary care providers, and to benefit fully from treatment. Hispanics, however, may have notably lower hospitalization rates despite less access to care. This is often referred to as the ''Hispanic paradox.'' Thus, the proportion of an area's population that is Hispanic may be negatively associated with ACSH. Population density may be associated with health care need and use (Schreiber and Zielinski 1997) .
Social and Economic Characteristics. Social and economic characteristics include the ability of county populations to obtain primary care, comply with prescribed regimens, and influence physician discretion. Less education is associated with less health knowledge and less knowledge of the health care system. Thus, counties with higher percentages of residents that did not graduate from high school should have higher ACSH risk. Unemployment is likely to be associated with delays in medical care seeking, and higher ACSH risk. Income levels, both low and high, may also affect health care needs and use. A greater percentage of households with incomes less than $15,000 should increase ACSH (Billings et al. 1993 ). However, ACSH may also to some extent measure preferences for health care, manifest at higher income levels in increased hospitalization. Individuals with higher incomes are also more likely to be insured; there is evidence that the insured are more likely to be hospitalized for ACSCs (Oster and Bindman 2003) . Thus, the proportion of residents with incomes above $75,000 may be positively associated with ACSH. More families headed by single parents should increase ACSH risks, as single parent households are associated with lower income, less health insurance, and generally more difficulty accessing health care or complying with physicians' recommendations. Recent population growth should be associated with reduced ACSH risk, as population growth is generally associated with increasing economic opportunity. The relationship between crime rates and physical exercise is unclear (Burdette and Whitaker 2004; Wilson et al. 2004 ). However, perceptions of crime risk significantly reduce exercise behavior, and thus may be associated with poorer health (Eyler et al. 2003) and greater ACSH risk. We use crime rates to control for this factor.
Population Health Factors. Population health factors are associated with health, disability, and disease. Areas with higher mortality and morbidity rates are likely to have greater health needs, which should be associated with higher ACSH risk. Controls for health need have been modeled in the ACSH literature only occasionally (Culler, Parchman, and Przybylski 1998; Laditka, Laditka, and Mastanduno 2003; Laditka 2003 Laditka , 2004 , although their usefulness has been recognized (Schreiber and Zielinski 1997) . Heart disease, COPD, and diabetes are chronic conditions that contribute notably to ACSH. We incorporate death rates for these diseases to adjust for county disease prevalence and severity. Higher death rates from these diseases should be associated with higher ACSH risk. While liver disease is not an ACSC, liver disease mortality provides a control for rates of heavy alcohol consumption (Parrish and Dufour 1991; Ramstedt 2001 Ramstedt , 2003 . Death rates for these diseases may also indicate health care access barriers; areas that do not provide adequate access to necessary medical care may experience higher death rates. Thus, including these death rates may over-adjust ACSH rates. Our approach is likely to provide both more conservative estimates of the effect of physician supply on ACSH and a useful degree of control for disease prevalence and severity. To examine the impact of these controls in the two adult models (where these covariates were relevant), we also estimated the models with these covariates omitted. Additionally, individuals with disabilities have greater access barriers than do those without them (Culler, Parchman, and Przybylski 1998) . We therefore included a control for the percentage of the county population with a disability.
Environmental Quality. Environmental quality affects population health. Areas with more days of unhealthy air should have higher rates of ACSH, as poor air quality is associated with increased hospitalization risk for several ACSCs, including asthma, CHF, and COPD (Kü nzli et al. 2003) . Air quality data is not available for all counties, particularly those in rural areas. Air quality was missing for 78 percent of rural counties, and is not included in the rural models. Because air quality is generally less of a problem in rural areas, we do not believe this omission affects our results notably. Air quality information was missing for 32 percent of the urban counties. We addressed these missing values by imputing air quality in the following manner. Separately for each state, we calculated the mean percentage of annual days of poor air quality for counties at each level of the Rural-Urban Continuum Code (RUCC) in the ARF. For counties missing air quality data, we assigned the mean value from counties in the same state having the same RUCC value. This reduced the number of observations with missing air quality values by 45 percent. Remaining counties were in states that did not have other urban counties with both the same RUCC value and nonmissing air quality measures. We assigned air quality values to these counties using the mean percentage of annual days of poor air quality across all urban counties with the same RUCC value.
Statistical Analysis
We estimated ACSH risk using multivariate ordinary least squares (OLS) regression. We present standardized coefficients, to examine the relative influence of the model covariates as contributors to ACSH. To examine whether the air quality imputation notably influenced the models, we also estimated them with this covariate omitted. Results were not notably affected by the omission.
RESULTS
Descriptive Analysis
Descriptive statistics for variables in the urban model are shown in Table 3 . About 10.57 percent of hospitalizations in the 0-17 age category were ACSH, 7.11 percent at ages 18-34, and 20.45 percent at ages 40-64. The mean percentage of African-American county residents was 10.04 percent. Hispanics were 6.82 percent.
The mean number of primary care physicians in office-based practice for every 100,000 persons was about 56 (SD 34.1) in rural counties, and about 27 percent larger in urban counties, at 71 (SD 40.2) (table not shown). The number of primary care physicians per 100,000 in rural counties ranged from 4.1 to 158.1, with a coefficient of variation of 42.8. The number in urban counties ranged from 9.8 to 438.6, with a coefficient of variation of 56.5. Rural/urban differences in our data set are less than they would be in data representing all U.S. counties, as very rural counties and those lacking a hospital were not included. To provide perspective on the ''true'' range of rural/urban differences, we examined physician supply for excluded rural counties in the studied states, using the ARF. Physician supply per 100,000 ranged from 0 to 34.7 in these areas, with a mean of 7.9 (SD 5 6.0), and coefficient of variation 76.5.
Multivariate Analysis
Results of multivariate OLS regression models of ACSH risk for three age groups in urban areas are reported in Table 4 . Variance tolerance tests (i.e., ''auxiliary regressions'') were performed for all models (Gujarati 1988) ; there was little evidence of notable multicollinearity (not shown). To further examine the possibility that multicollinearity might challenge the estimations, the models were estimated with data from which observations were randomly deleted (Griffiths, Hill, and Judge 1993) . The estimates from these models did not differ meaningfully from those presented, suggesting that multicollinearity does not affect our results. Coefficients presented in the table are standardized coefficients (i.e., b coefficients). These coefficients measure the change in the dependent variable, measured in standard deviations (SDs), that results from a one-SD change in the independent variable. Greater physician supply was associated with lower ACSH rates in all age groups. For children, physician supply was the largest contributor to ACSH rate reduction (b 5 À 0.239, po.0001). Increasing physician supply by one SD (40.2 per 100,000), holding all other variables in the model constant, reduces the ACSH rate by 0.239 SDs; the SD of the ACSH rate for children is 6.023 (see Table 3 ). Thus, increasing physician supply by one SD reduces the mean ACSH rate for this age group by about 13.6 percent (calculations performed as: 6.023 Â 0.239 5 1.439; 10.570, the mean ACSH rate for ages 0-17, minus 1.439 5 9.131; 9.131/10.570 5 0.864; 1 À 0.864 5 0.136). For the adult results, we focus on models that include controls for disease prevalence and severity. In the model for younger adults, physician supply was the second most influential contributor to ACSH risk reduction (b 5 À 0.164, po.0001), following the percent of county residents identifying themselves as Hispanic (b 5 À 0.168, po.001). In the model for ages 40-64, physician supply was again the second most influential contributor to ACSH risk reduction (b 5 À 0.196, po.0001), following the percent of county residents identifying themselves as Hispanic (b 5 À 0.278, po.0001). The estimates for ages 18-39 and 40-64 represent reductions of the mean ACSH rates associated with a one SD increase in physician supply of 7.0 and 8.2 percent, respectively. Estimates for control covariates generally conform to expected results. Lower education levels in a county are associated with greater ACSH risks, as is a greater supply of hospital beds. In the adult models, greater income is also associated with greater ACSH risk, a result that may be associated with preferences for health care. An unexpected result in our findings is the negative association between the percentage of county residents identifying themselves as Native American and ACSH. We expected that Native Americans would have greater ACSH risks, based on greater disease burdens and lifestyle challenges. The unexpected result may be because of the fact that these models focus on residents of urban counties, where risks for Native Americans may differ from those affecting their rural counterparts. In the rural models (table not shown), on the other hand, the covariate representing Native Americans was positively signed in all age groups, of notable magnitude, and marginally statistically significant for ages 18-39 (p 5 .0787).
The two adult models estimated without the controls for disease prevalence and severity are also shown in Table 4 . These models produced a modestly greater effect of physician supply on ACSH rate reduction (both po.0001), compared with the models that included disease controls.
In the analogous models of ACSH risk for rural counties (table not shown), there was no evidence that physician supply was associated with ACSH. To examine whether these results may have been affected by the definition of rural areas, we also estimated models with an expanded rural definition from the ARF: counties with populations of 20,000 or more, adjacent to metropolitan areas, and counties with less population. This alternative did not affect the results.
DISCUSSION
Across most urban counties of 20 states, the supply of primary care physicians was negatively associated with ACSH. These results are consistent with two previous analyses (Parchman and Culler 1994; Laditka 2004) . Considered together, other related studies have produced mixed results (Krakauer et al. 1996; Schreiber and Zielinski 1997; Ricketts et al. 2001) . Krakauer et al. (1996) studied Medicare beneficiaries, whereas our analysis examined children and younger adults. Ricketts et al. (2001) combined rural and urban areas. Schreiber and Zielinski (1997) examined only New York State. Thus, these studies differed notably from ours; it should not be expected that their results and ours would agree. Few previous ACSH studies have included the ecological controls we used. These controlled for demographic characteristics, qualities of local health systems and measures of health care use, socioeconomic characteristics, and measures of population health and air quality. The inclusion of these controls may account in part for some of the differences in findings between our results and those of previous studies.
Two factors may account for the lack of significant findings for rural counties. The number of rural counties in our sample was notably smaller than the number of urban counties, while the range of physician supply was considerably smaller in rural counties than in urban counties. Both factors reduce power to detect differences. It is also possible that the relationship between physician supply and ACSH differs between rural and urban areas (Schreiber and Zielinski 1997) .
Several considerations are relevant to interpreting our findings. Our results cannot be extended to very rural counties, or to counties without a hospital. Our results also cannot be generalized to all states. It should be noted that these county rates were not based on individuals' counties of residence. To the extent that individuals represented in the rates resided in the counties in which the hospitals were located, or in counties that shared the characteristics of the hospital counties, the results should provide a useful indication of physician supply effects. County borders do not necessarily represent health service areas, although for some populations, such as Medicaid beneficiaries, county policies may often affect the availability of health care. Moreover, physician supply and other measures in our models can vary notably across small areas within counties. Such variation may introduce measurement error into our analysis. It would be desirable to include controls for ACSH risk factors, such as smoking and exercise, and for the prevalence of other chronic ACSCs, such as asthma. Such data are not available for counties.
In both adult models, counties with higher percentages of households with incomes greater than $75,000 had higher ACSH rates, controlling for all other factors in the model. Laditka et al. (2003) observed that some ACSCs are subject to notable variation in hospitalization rates across areas. These include angina, asthma, cellulitis, diabetes, COPD, gastroenteritis, hypertension, kidney and urinary tract infections, and pneumonia. For high-variation conditions, the clinical rationale for hospitalization may be ambiguous at moderate levels of disease severity. Further, there is evidence that the consumption of medical care, including hospitalization, may be greater in areas with more income (Feldstein 1999) . Individuals with high income are also well positioned to influence physicians in the hospitalization decision. Physicians may hospitalize individuals with high income at lower thresholds of disease severity for high-variation conditions, in response to either patient preferences or economic incentives. Thus, the positive association between ACSH and high income may indicate preferences for health care among individuals with higher income, or physician admitting practices for these individuals. Our models do not include controls for county health insurance profiles. It is likely that the measures for income and education account for this factor to a considerable degree.
Our approach assumed that the primary care system may not be able to overcome all area health challenges. We therefore controlled for death rates for several diseases that notably contribute to ACSH. To the extent that these covariates measure disease rates and disease severity, they provide a control for county health burdens. A portion of the effect of these controls may be attributable to lack of access to health care, because areas with low access may have higher death rates. Thus, our models may over-adjust ACSH. We examined the sensitivity of the models to the exclusion of these controls. With these controls omitted, the effect size of physician supply on ACSH increased modestly. In addition to a measure of physician supply, future ACSH research might incorporate an assessment of physician training or specialty certification, by linking physicians with the Physician Masterfile of the American Medical Association.
Our findings suggest that, at least for urban areas, primary care physician supply may positively affect the overall performance of the primary health care system. This information can contribute to the ongoing debate on physician supply and distribution (Blumenthal 2004) . Across the past 20 years, increases in the overall number of physicians in the United States have not markedly reduced regional disparities in physician/population ratios (Goodman 2004) . Despite federal and state efforts to direct potential physicians toward primary care, growth in the number of primary care physicians has been minimal (Goodman 2004) . Economic incentives for physicians are unlikely to resolve regional disparities, as areas with low or worsening practitioner availability over time tend to have both greater health care needs and fewer economic resources (Luo, Wang, and Douglass 2004) .
While policy efforts may not have altered the distribution of physicians (Goodman 2004) , state and federal practitioner obligation programs do provide physicians for underserved areas and populations (Pathman et al. 2004 ). These programs may be associated with both retention in underserved areas (Pathman et al. 2004 ) and continued service to low income populations . Thus, policies promoting practitioner placement in underserved areas, such as the National Health Service Corps, state loan repayment programs, and Title VII training programs will continue to be needed to provide a health care safety net. Our findings suggest that greater physician supply positively affects the overall performance of the primary health care system.
